Introduction
Evidence linking breast cancer to the intake of dietary fibre has been conflicting [1] [2] [3] .
However, the possibility remains that a high dietary fibre intake may be protective. Fibre or certain fibre fractions have been hypothesized to reduce cancer risk through a number of mechanisms 4 including inhibition of oestrogen reabsorption, inhibition of human oestrogen synthetase leading to a reduction in oestrogen synthesis and reduction in levels of androgens which influence levels of oestrogens and proliferation of breast tissue 5 . Additionally, fibre may act via a route involving insulin and Insulin-like Growth Factors (IGF). Higher serum levels of IGF-1 are associated with increased breast cancer risk 6 and IGF levels are influenced by diet 7 .
Results from case-control studies have tended to show a protective effect of fibre 2 .
This study design is more prone to recall bias and hence cohort studies are potentially more reliable. However, prospective studies which have explored the relationship between dietary fibre intake and breast cancer have not shown a protective effect 8;9 . A review of nine prospective studies has shown that risk for breast cancer increases significantly with increasing concentrations of both oestrogens and androgens 10 . These sex hormones have been shown to be altered by diets high in fibre in some experimental studies [11] [12] [13] .
The UK Women's Cohort Study (UKWCS) is well placed to explore the risks of breast cancer associated with dietary fibre and sources of fibre since the Cohort was designed to have a wide range of relevant exposures through inclusion of large numbers of vegetarians 14 .
Subjects and methods
The UK Women's Cohort was constructed to have large numbers of subjects in three main groups: vegetarian, eating fish (not meat) and meat eaters. This ensured adequate power for important comparisons involving fruit, vegetables or fish intake as well as associated nutrients including fibre in order to explore potential relationships between diet and cancer whilst minimizing the effects of measurement error [15] [16] [17] .
Baseline data were collected on 35,792 women between 1995 and 1998 via a postal questionnaire to each subject. Women were aged 35-69 years at baseline and were living in England, Wales and Scotland. Women were chosen from approximately 500,000 responders to a direct mail questionnaire which included general questions on diet. This had been sent by the World Cancer Research Fund to people living in England, Wales and Scotland using direct mail lists targeted towards females, with an overall response rate of 17%. All women in the correct age group and who characterized themselves as vegetarian or non-red meat eaters were invited to take part. A comparison group was selected from the remaining eligible women by selecting, for each vegetarian, the next non-vegetarian in the list aged within 10 years of the vegetarian. Additional detail about the cohort is provided elsewhere 14 .
Study population
In total, 17,781 women who were post-menopausal at baseline and 15,951 women who were classified as pre-menopausal at baseline were included in this analysis.
Menopausal status was coded using specific criteria. Post-menopausal women were those with age at baseline greater than age at last period, or if older than 50 years and currently on hormone replacement therapy (HRT), or with a previous hysterectomy and HRT, or if all the above were missing and the woman was over 50 years. Pre-menopausal women were those who reported having natural menstrual periods, or were pregnant, or were on HRT and aged 50 or less at baseline, or aged 50 or less with a previous hysterectomy, or if all the above were missing and the woman was aged 50 or less.
Case definition and ascertainment
All subjects were flagged for deaths and cancer registrations on the Office of National
Statistics National Health Service central register which was the only source of case information. All malignant breast cancers registered after a subject returned their This study examined amounts of dietary fibre in grams per day calculated by multiplying the frequency of consumption of each food by the nutrient content of the indicated portion size and summing over all foods. Nutrient composition of foods was taken from UK food composition tables 19 Englyst fibre values were used in this report. Dietary fibre fractions were assessed by estimating the fibre consumption derived from the relevant foods or food groups.
Statistical methods
The relationship between fibre and breast cancer was explored using Cox's proportional hazards regression using Stata version 9. Cox's proportional hazards regression was then run using the predicted values for each individual categorized into quintiles to give estimated hazard ratios corrected for some of the effects of measurement error. 95 percent confidence intervals were obtained from bootstrapped estimates 24 .
RESULTS
The mean (standard deviation (SD)) age of the cohort subjects was 52 (9) 
Cohort food and nutrient characteristics
Eighteen per cent (6224) of the women were vegetarian based on meat eating frequency from the FFQ, 12% (3961) were fish eaters and 70% (23547) meat eaters. The mean energy intake was 2361kcal (median 2261kcal) with 32 percent, 53 percent, and 15 percent of energy provided by fat, carbohydrate and protein respectively. Mean (SD) dietary fibre intake was high at 26 (11) g/day, and was highest amongst the fish eaters at 29 (11) g/day compared to vegetarians 28 (11) g/day and meat eaters 24 (10) g/day. Vitamin and mineral intakes from the diet, excluding supplements, were also high as illustrated by the mean vitamin C intake (172mg, median 156mg). Further nutrients are presented in table 1.
In post-menopausal women, nutrient intakes did not differ greatly between those with and without breast cancer. Pre-menopausal women with breast cancer had a higher percentage of energy derived from protein and also lower total carbohydrate, sugar, dietary fibre (Englyst) and vitamin C compared to cancer-free women. Only the difference in percentage energy from protein was statistically significant in this univariable analysis.
Fibre models
In the basic multivariable analysis, total fibre intake in pre-menopausal women was inversely related to risk of breast cancer. In the more complex model, the strength of association increased showing an inverse relationship of total fibre intake with risk of breast cancer (p for trend = 0.01) (table 2) .
Exploring the sources of fibre showed that in pre-menopausal women, fibre from cereals was inversely associated with risk of breast cancer (p for trend = 0.05) and fibre from fruit had a borderline non-significant inverse association (p for trend = 0.09) (table 2) . There were no significant relationships between breast cancer and total fibre or fibre from cereals, fruit or vegetables in post-menopausal women.
Results from the sensitivity analysis after excluding women diagnosed within a year of completing the FFQ were not appreciably altered. Excluding all women with any malignant cancer prior to the study commencing did not alter the conclusions either. Including dietary folate as a potential confounder in addition to the other variables in the original complex model strengthened the significance of the inverse relationship between total fibre and premenopausal breast cancer (hazard ratio comparing top with bottom quintile 0.33, 95 percent CI: 0.14, 0.79; p for trend = 0.003).
DISCUSSION
The most important finding was that in this cohort, total fibre intake was protective against breast cancer in pre-menopausal women. This effect was not seen in the postmenopausal women. Exploring the sources of dietary fibre showed that cereal fibre is protective against breast cancer pre-menopausally and that fruit fibre, although not statistically significant, was potentially protective.
The mean FFQ derived fibre intake in the UKWCS was 26g/day which is markedly higher than that reported in a national survey of UK adults using the food diary technique 26 in their findings and this has been ascribed, at least in part, to lack of adjustment for dietary folate consumption which has been positively correlated with dietary fibre intake 37 .
As well as allowing exploration of higher fibre intakes, the wide range of dietary intakes that our study was designed to include reduces the impact of measurement error [15] [16] [17] .
In the presence of measurement error, which occurs in every dietary assessment study, selecting a population with larger exposure variance compared to one with smaller variance allows the study sample size to be reduced by a factor equal to the ratio of the smaller to larger variance 17 . We further corrected for bias from the random component of measurement error in the FFQ through use of a replicate FFQ measure. However, this does not correct for other components of measurement error and may represent incomplete correction for measurement error bias. Other studies have shown that using food diaries may result in even stronger estimates 38 . No biomarkers exist for fibre intake with which to calibrate FFQs or food diaries.
Our analysis adjusted for most of the major lifestyle factors which could act as confounders of the relationship between dietary fibre and breast cancer. It could be that adjustment for other factors such as use of dietary supplements or family history of breast cancer would have been informative. We had information on use of any dietary supplements and also whether the subjects' parents had ever suffered from cancer or heart disease.
Inclusion of these variables as proxies in further sensitivity analyses did not affect the overall results. Residual confounding due to incomplete adjustment from unmeasured or poorly measured confounders is still a possibility.
Although we could not find any other cohort studies of fibre and breast cancer risk which had reported results for pre-and post-menopausal women which differed in the same way as our results, one case-control study by McCann et al. 33;39 found that premenopausal women in the highest quartile of dietary lignan intake had reduced breast cancer risk (OR = 0.66; 95% CI = 0.44-0.98) whereas no association was observed between lignan intakes and postmenopausal breast cancer. Particularly rich sources of lignans are seeds and wholegrains which are also good sources of fibre.
Interestingly, we did not observe a protective effect of fibre intake post-menopausally.
The oestrogen metabolism pathway differs between pre-and post-menopausal women 40 . The endocrine basis of premenopausal breast cancer is not clear. Hyperandrogenism with luteal inadequacy could induce breast cancer or alternatively excess oestrogen plus progesterone, particularly during the luteal phase may be involved 41 . Elevated blood concentrations of androgens have been associated with an increased risk of breast cancer in premenopausal women in a nested case-control analysis from the European Prospective Investigation into Cancer study 5 . Diets high in fibre and low in fat have been shown to affect sex hormone levels 5;42;43 . Two small studies which supplemented women with wheat bran showed differing results. Premenopausal women who were supplemented with 10 or 20g wheat bran per day for 2 months found a significant reduction in oestradiol concentrations 44 whereas a study of postmenopausal women found no effect of supplementation with wheat bran on oestradiol, androstenedione or sex hormone binding globulin 45 . A high fibre or vegetarian diet also influences cycle length in pre-menopausal women which is linked to oestrogen exposure, but clearly does not have this effect in post-menopausal women 46 .
Other mechanisms, such as a route through glucose metabolism, may be involved.
Glucose is a key substrate for neoplastic cell proliferation and insulin is a powerful mitogenic agent. Associations of breast cancer risk with glucose, insulin, and IGF-I pattern for postmenopausal women were generally weaker than for premenopausal women and not statistically significant in a nested case-control study from Italy 47 .
It is possible that other factors such as body size or weight gain from early adult life to after the menopause may have an overriding impact on sex hormone levels post-menopausally and that this could explain why the protective effect was only seen pre-menopausally. Weight gain has been consistently shown to be related to increased risk of postmenopausal breast cancer 4;48-51 . Adult weight gain reflects body fat content. Oestrogens derived from aromatization of androstenedione in peripheral fat may account for the increased risk of breast cancer observed among postmenopausal obese women 33 . Weight gain postmenopausally may outweigh any other dietary effects. Genes which predispose to earlier breast cancer may work through influencing hormone concentrations, which can also be modified by diet 52;53 .
Alternatively, the relevant dietary exposure may be earlier in life, so pre-menopausal women are closer to the relevant time window and hence less subject to the effect of measurement error bias.
In summary, dietary fibre has a protective effect against pre-menopausal breast cancer in this cohort. This was not seen for women who were post-menopausal. The specific food sources of this dietary fibre which had a protective effect pre-menopausally were cereals and possibly fruit.
Key messages
 Dietary fibre protects against pre-menopausal breast cancer in this cohort. 
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